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NOVEL CRYSTALLINE FORMS OF GATIFLOXACIN 

FIELD OF THE INVENTION . 

5 The present invention relates to novel crystalline fonms of gatifloxacln, to 

processes for their preparation and to pharmaceutical compositions containing 
them. 

BACKGROUND OF THE INVENTION 

10 

Gatifloxacln of formula (1 ): 




O O 



15 or 1 -Cyclopropyl-6-fluoro-1 ,4-clihydro-8-methoxy-7-(3-methyl-1 -piperazinyl)-4- 

oxo-3-quinoiinecarboxylic acid is an antibacterial agent and Its therapeutic uses 

are disclosed in US 4,980,470, 

Example 3 and 14 of US 4,980,470 described monohydrate of 

gatifloxacln. A crystalline form of sesquihydrate of gatifloxacln is disclosed in US 
20 5,880,283. Various crystalline fomis of gattfloxacin hydrates are mentioned in 

US 6,413,969. 

We have discovered five stable novel crystalline forms of gatifloxacln and 
these forms are found to be suitable for pharmaceutical preparations. 

The object of the present invention is to provide stable novel crystalline 
25 fonms of gatifloxacln, processes for preparing these forms and phanmaceutical 
compositions containing them. 
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DETAILED DESCRIPTION OF THE INVENTION 



In accordance with the present invention, there is provided a novel 
crystalline form of gatifloxacin sesquihydrate. designated as Form H1, 

5 characterized by an x-ray powder diffraction pattern having peaks expressed as 
29 at about 9.2, 10.5, 12.9, 18.4, 18.9. 19.9, 21.2, 21.7 and 24,0 degrees. Figure 
1 shows typical Form H1 x-ray powder diffraction pattern. 

Gatifloxacin sesquihydrate Form H1 is prepared by crystallizing 
gatifloxacin sesquihydrate Form HI from a solution comprising gatifloxacin, a 

10 chlorinated solvent and water. The suitable chlorinated solvents are ethylene 
dichloride, chloroform, carbon tetrachloride and methylene dichloride. A mixture 
of chlorinated solvents is also part of the invention. The water content in the 
solution should be at least 1 .5 mole per mole of gatifloxacin. There is no upper 
limit for water content so long as gatifloxacin sesquihydrate Form HI can be 

15 crystallized from the solution. A hydrated form of gatifloxacin or gatifloxacin 
prepared by a known method may be used in the process. Preferably, 
gatifloxacin sesquihydrate Fomn HI is crystallized at about 20°C to 25°C from 
the solution. 

In accordance with the present invention, there is provided a novel 
20 crystalline form of gatifloxacin, designated as Form H2, characterized by an x- 
ray powder diffraction pattern having peaks expressed as 29 at about 5.9, 7.8, 
13,7, 14.1, 15.9, 19.7 and 21.1 degrees. Figure 2 shows typical Fonm H2 x-ray 
powder diffraction pattern. 

In accordance with the present invention, a process is provided for 
25 preparation of gatifloxacin Form H2. In this process, gatifloxacin is mixed with an 
ester solvent at a higher temperature, preferably at about 70°C to 80°C, cooling 
the contents rapidly to about 2QPc to 25°C and filtering gatifloxacin Form H2 
from the contents at about 20°C to 25^C. The suitable ester solvents are ethyl 
acetate, methyl acetate, Isopropyl acetate, tert-butyl acetate, ethyl fonnate and 
30 methyl formate. A mixture of the ester solvents may also be used. A hydrated 
form of gatifloxacin or gatifloxacin prepared by a known method may be used in 
the process. The mixture of gatifloxacin and the ester solvent is preferably 
maintained at 70^C to 80°C for about 30 minutes, cooled to at about 20°C to 
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25*^C In about 1 hour and then maintained for about 12 hours at about 20°C to 
25°C. 

In accordance with the present invention, there Is provided a novel 
crystalline form of gatlfloxacin, designated as Form H3, characterized by an x- 

5 ray powder diffraction pattern having peaks expressed as 29 at about 7.8, 10.2, 
12.9, 13.6, 14.1, 19.7, 20.5, 23.8, 25.9 and 28.6 degrees. Figure 3 shows typical 
Form H3 x-ray powder diffraction pattern. 

In accordance with the present invention, a process Is provided for 
preparation of gatlfloxacin Form H3. In this process, gatifloxacin is mixed with an 

10 ester solvent at a higher temperature, preferably at about 70°C to 80°C, cooling 
the contents slowly to about 20°C to 25°C and filtering gatifloxacin Fomi H3 from 
the contents at about 20°C to 25°C. The suitable ester solvents are ethyl 
acetate, methyl acetate, Isopropyl acetate, tert-butyl acetate, ethyl formate and - 
methyl formate. A mixture of the ester solvents may also be used. A hydrated 

15 form of gatifloxacin or gatifloxacin prepared by a known method may be used In 
the process. The mixture of gatlfloxacin and the ester solvent Is preferably 
maintained at 70PC to 80°C for about 30 minutes, cooled to at about 20°C to 
25°C in about 4 to 6 hours and then maintained for about 12 hours at about 
20°C to 25°C. 

20 In accordance with the present invention, there is provided a novel 

crystalline fomn of gatifloxacin sesquihydrate, designated as Form H4, 
characterized by an x-ray powder diffraction pattern having peaks expressed as 
20 at about 6.3. 7.8, 9.2, 9.8, 10.6, 12.6. 12.9, 13.5, 14.4. 18.4, 19,8, 20.0. 20.9, 
24.4, 25.4, 25.9 and 27.9 degrees. Figure 4 shows typical Fomn H4 x-ray 

25 powder diffraction pattern. 

Gatifloxacin sesquihydrate Form H4 is prepared by crystallizing 
gatifloxacin sesquihydrate Form H4 from a solution comprising gatifloxacin, a 
suitable quantity of 1 ,4-dioxane and water. The quantity of the 1 ,4-dioxane Is 
above 20 ml, preferably 20 to 40 ml per gm of gatifloxacin. The water content In 

30 the solution should be at least 1 .5 mole per mole of gatifloxacin. There is no 
upper limit for water content so long as gatifloxacin sesquihydrate Form H4 can 
be crystallized from the solution. A hydrated form of gatifloxacin or gatlfloxacin 
prepared by a known method may be used In the process. 



3 



wo 2004/087688 



PCT/IN2003/000135 



In accordance with the present Invention, there is provided a novel 
crystalline fomi of gatifloxacin sesquihydrate, designated as Form H5, 
characterized by an x-ray powder diffraction pattern having peaks expressed as 
29 at about 8.2, 13.5, 13.9. 16.5, 17.0. 17.9. 19.9, 21.0, 23.3 and 24.8 degrees. 

5 Figure 5 shows typical Form H5 x-ray powder diffraction pattern. 

Gatifloxacin sesquihydrate Form H5 is prepared by crystallizing 
gatifloxacin sesquihydrate Form H5 from a solution comprising gatifloxacin, a 
suitable quantity of 1,4-dioxane and water. The quantity of the 1,4-dioxane is 
below 20 ml, preferably 8 to 1 5 ml per gm of gatifloxacin. A hydrated form of . 

10 gatifloxacin or gatifloxacin prepared by a known method may be used in the 
process. The water content in the solution should be at least 1.5 mole per mole 
of gatifloxacin. There is no upper limit for water content so long as gatifloxacin 
sesquihydrate Fomn H5 can be crystallized from the solution. 

In accordance with the present invention, there is provided a 

15 pharmaceutical composition comprising any of the crystalline forms, Form HI to 
H5, of gatifloxacin and a pharmaceutically acceptable canrier. 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure 1 Is a x-ray powder diffraction spectrum of gatifloxacin sesquihydrate 

Form HI. 

Figure 2 is a x-ray powder diffraction spectrum of gatifloxacin Form H2. 
Figure 3 Is a x-ray powder diffraction spectrum of gatifloxacin Form H3. 
Figure 4 Is a x-ray powder diffraction spectrum of gatifloxacin sesquihydrate 
25 Form H4. 

Figure 5 is a x-ray powder diffraction spectrum of gatifloxacin sesquihydrate 
Form H5, 

x-Ray powder diffraction spectrum was measured on a Siemens D5000 x- 
ray powder diffractometer having a copper-Ka radiation, 

30 

The following examples further illustrate the invention. 

Example 1 
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Gatifloxacin hemihydrate (1 gm) (obtained by the process described in 
example-3 of US 4,980,470) Is mixed with ethylene dichloride (20 ml, water 
content 0.3% w/w), heated to 45°C and maintained at this temperature for 15 
minutes. The clear solution formed is cooled to 25°C and maintained at 25°C for 
5 12 hours. The separated crystals are filtered to give 0.7 gm of gatifloxacin 
sesquihydrate Form Hl. 



Example 2 

Gatifloxacin (1 gm) is mixed with methylene dichloride (50 ml, water 
10 content 0.35% w/w), heated to 45°C and maintained at this temperature for 15 
minutes. The solution formed is cooled to 25°C and maintained at 25°C for 10 
hours.The separated crystals are filtered to give 0.6 gm of gatifloxacin 
sesquihydrate Form H1. 

15 Example 3 

Gatifloxacin monohydrate (1 gm) is mixed with ethyl acetate (35 ml), 
heated to 75°C and maintained at this temperature for 15 minutes. The solution 
is cooled rapidly to 25°C in 1 hour and maintained for about 12 hours at 25°C. 
The separated crystals are filtered to give 0.5 gm of gatifloxacin Form H2. 

20 

Example 4 

Example 3 is repeated using gatifloxacin sesquihydrate Fonm HI for 
gatifloxacin monohydrate to give gatifloxacin Form H2. 

25 Example 5 

Gatifloxacin monohydrate (10 gm) is mixed with ethyl acetate (350 ml), 
heated to reflux and maintained at this temperature for 15 minutes. The solution 
is cooled slowly to 25°C in 5 hours and maintained for about 10 hours at 25^C. 
The separated crystals are filtered to give 6.0 gm of gatifloxacin Form H3. 



30 



Example 6 

Example 5 is repeated using gatifloxacin Form H2 for gatifloxacin 

•I 

monohydrate to give gatifloxacin Fonn H3. 
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10 



Example? 

Gatifloxacin (1.0 gm) is mixed with 1,4-dioxane (30 ml, water content 
0.4% w/w), refluxed for 10 minutes. The solution obtained is cooled to 25°C for 
about 12 hours. The separated crystals are filtered to give 0.8 gm of gatifloxacin 
sesquihydrate Form H4. 

Example 8 

Example 7 is repeated using gatifloxacin Form H3 for gatifloxacin to give 
gatifloxacin sesquihydrate Form H4. 



Example 9 

Gatifloxacin (10 gm) is mixed with 1,4-dioxane (100 ml, water content 
0.4% w/w), refluxed for 15 minutes. The solution obtained is cooled to 25°C for 
about 10 hours. The separated crystals are filtered to give 9.2 gm of gatifloxacin 
15 sesquihydrate Form H5. 

Example 10 

Example 9 is repeated using gatifloxacin sesquihydrate Form H1 for 
gatifloxacin to give gatifloxacin sesquihydrate Form H5. 
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We claim: 

1 . A crystalline gatifloxacin sesquihydrate Form H1 , characterized by an x-ray 
powder diffraction pattern having peaks expressed as 26 at about 9.2, 10.5, 

5 12.9, 18.4, 18,9, 19.9, 21.2. 21.7 and 24.0 degrees. 

2. A crystalline gatifloxacin sesquihydrate Form HI as defined in claim 1 , 
further characterized by an x-ray powder diffraction pattern as in figure 1. 

3. A process for preparation of gatifloxacin sesquihydrate Fomi H1 as defined 
in claim 1, which comprises crystallizing gatifloxacin sesquihydrate Form HI 

10 from a solution comprising gatifloxacin, a chlorinated solvent and water; 

wherein the chlorinated solvent is selected from the group consisting of ethylene 
dichloride, chloroform, carbon tetrachloride and methylene dichloride. 

4. A process according to claim 3, wherein the chlorinated solvent is ethylene 
dichloride. 

15 5. A process according to claim 3, wherein gatifloxacin is a hydrate of 
gatifloxacin. 

6. A crystalline gatifloxacin Fonn H2, characterized by an x-ray powder 
diffraction pattern having peaks expressed as 29 at about 5.9, 7.8, 13.7, 
14.1, 15.9, 19.7 and 21.1 degrees. 
20 7. A crystalline gatifloxacin Form H2 as defined in claim 6, further characterized 
by an x-ray powder diffraction pattern as in figure 2. 

8. A process for preparation of gatifloxacin Form H2 as defined In claim 6. 
which comprises the steps of: 

a) mixing gatifloxacin and an ester solvent; 
25 b) heating to about 70°C to 80°C; 

c) cooling rapidly to about 20°C to 25°C; and 

d) filtering the solid separated; 

wherein the ester solvent is selected from the group consisting of ethyl acetate, 
methyl acetate, isopropyl acetate, tert-butyl acetate, ethyl formate and methyl 
30 formate. 

9. A process according to claim 8, wherein the gatifloxacin used is gatifloxacin 
sesquihydrate Form HI. 

10. A process according to claim 8, wherein the ester solvent is ethyl acetate. 
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1 1. A process according to claim 8, wherein the contents are cooled to about 
20°C to 25°C In 1 hour. 

12. A process according to claim 3, wherein gatifloxacin used is gatifloxacin 
Form H2 of claim 6. 

5 13. A crystalline gatifloxacin Form H3, characterized by an x-ray powder 

diffraction pattern having peaks expressed as 26 at about 7.8, 10.2, 12.9, 
13.6. 14.1, 19.7. 20.5, 23.8, 25.9 and 28.6 degrees. . 
14. A crystalline gatifloxacin Form H3 as defined in claim 13, further 
characterized by an x-ray powder diffraction pattern as in figure 3. 

10 15. A process for preparation of gatifloxacin Form H3 as defined in claim 13, 
which comprises the steps of: 

a) mixing gatifloxacin and an ester solvent; 

b) heating to about 70°C to 80°C; 

c) cooling slowly to about 20°C to 25°C; and 
15 d) filtering the solid separated; 

wherein the ester solvent is selected from the group consisting of ethyl acetate, 
methyl acetate, isopropyt acetate, tert-butyl acetate, ethyl fomiate and methyl 
formate. 

16. A process according to claim 15, wherein gatifloxacin used is hydrate of 
20 gatifloxacin. 

17. A process according to claim 15, wherein gatifloxacin used Is gatifloxacin 
Form H2. 

18. A process according to claim 15, wherein the contents are cooled to about 
20°G to 25°C In 4 to 6 hours. 

25 19. A process according to claim 3, wherein gatifloxacin used is gatifloxacin 
Fonm H3of claim 13. 

20. A process according to claim 8, wherein gatifloxacin used is gatifloxacin 
Form H3 of claim 13. 

21. A crystalline gatifloxacin sesquihydrate Form H4, characterized by an x-ray 
30 powder diffraction pattern having peaks expressed as 28 at about 6.3, 7.8, 

9.2, 9.8. 10.6, 12.6. 12.9, 13.5. 14.4, 18.4, 19.8. 20.0, 20.9. 24.4, 25.4, 25.9 
and 27.9 degrees. 

22. A crystalline gatifloxacin sesquihydrate Form H4 as defined in claim 21, 
further characterized by an x-ray powder diffraction pattern as in figure 4. 
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23. A process for preparation of gatifloxacin sesquihydrate Form H4 as defined 
in claim 21, whicli comprises crystallizing gatifloxacin sesquihydrate Form 
H4 from the solution comprising gatifloxacin, a suitable quantity of 1,4- 
dioxane and water, 

5 wherein the quantity of 1 ,4-dioxane is above 20 mi per gm of gatifloxacin. 

24. A process according to claim 23, wherein the quantity of 1,4-dioxane is 20 to 
40 ml per gm of gatifloxacin. 

25. A process according to claim 23, wherein the gatifloxacin is a hydrate of 
gatifloxacin. 

10 26. A crystalline gatifloxacin sesquihydrate Form H5, characterized by an x-ray 
powder diffraction pattern having peaks expressed as 26 at about 8.2, 13.5, 
13.9. 16.5, 17.0, 17.9, 19.9, 21.0. 23.3 and 24.8 degrees. 
27. A crystalline gatifloxacin sesquihydrate Form H5 as defined in claim 26, 
further characterized by an x-ray powder diffraction pattem as in figure 5. 

15 28. A process for preparation of gatifloxacin sesquihydrate Form IH5 as defined 
In claim 26, which comprises crystallizing gatifloxacin sesquihydrate Form 
H5 from the solution comprising gatifloxacin. a suitable quantity of 1.4- 
dloxane and water. 

wherein the quantity of 1 .4-dioxane is equal to or below 20 ml per gm of 
20 gatifloxacin. 

29. A process according to claim 28. wherein the quantity of 1,4-dioxane is 8 to 
15 ml per gm of gatifloxacin. 

30. A process according to claim 28. wherein the gatifloxacin is a hydrate of 
gatifloxacin. 

25 31 . A phamnaceutical composition comprising a crystalline form of gatifloxacin 
and a phanmaceutlcally acceptable carrier; wherein the crystalline form is 
selected from the group consisting of Form H1 of claim 1 , Form H2 of claim 
6, Fonii H3 of claim 13, Form H4 of claim 21 and Fomi H5 of claim 26. 

32. A pharmaceutical composition of claim 31 , wherein the crystalline form is 
30 gatifloxacin sesquihydrate Form H 1 of claim 1 . 

33. A pharmaceutical composition as defined in claim 31, wherein the crystalline 
fonm is gatifloxacin Fonm H2 of claim 6. 

34. A pharmaceutical composition as defined in claim 31 , wherein the crystalline 
form Is gatifloxacin Form H3 of claim 13. 

9 
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35. A pharmaceutical composition as defined in claim 31, wherein the crystalline 
fomri is gatlfloxacin sesqulhydrate Fomn H4 of claim 21. 

36. A phamiaceutlcal composition as defined in claim 31 . wherein the crystalline 
forni is gatlfloxacin sesqulhydrate Form H5 of claim 26. 
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1 . □ As all required additional search fees were timely paid by the applicant, this intemational search report covers all 

searchable claims. 

2. □ As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. □ As only some of the required additional search fees were timely paid by the applicant, this international search report 

covers only those claims for which fees were paid, specifically claims Nos.: 



4, □ No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

Q No protest accompanied the payment of additional search fees. 
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